Abstract. Planar 2D X-ray mammography is the most common screening technique used for breast cancer detection. Digital breast tomosynthesis (DBT) is a new and emerging technology that overcomes some of the limitations of conventional planar imaging. However, it is important to understand the impact of these two modalities on cancer detection rates and patient recall. Since it is difficult to adequately evaluate different modalities clinically, a collection of modeling tools is introduced in this paper that can be used to emulate the image acquisition process for both modalities. In this paper, we discuss image simulation chains that can be used for the evaluation of 2D-mammography and DBT systems in terms of both technical factors and observer studies.
Introduction
Breast cancer is one of the major causes of mortality in women in North America and Western Europe [1] . As a result breast screening programmes have been introduced in many western countries [2] . Mammography is the accepted radiological imaging technique for this purpose that uses low energy X-rays to image internal structures of the breast. An ideal mammogram is one in which the normal breast tissues such as adipose and glandular tissues can be differentiated from lesions and calcifications that are the signatures of malignancy. In reality, the quality and interpretation of a mammogram are affected by factors, such as overlapping tissues, dose, image processing and system characteristics. One of the most promising advances in the field of breast cancer imaging is digital breast tomosynthesis (DBT) -a technique that uses low dose projections acquired at different angles to construct tomographic planes parallel to the detector. A commonly used reconstruction algorithm is the filtered back projection [3] because of its rapid execution time, but the 3D reconstruction is not perfect due to the limited number of projections. Further, tomosynthesis also suffers from similar quality degradation issues as a conventional 2D mammogram. However, tomosynthesis is considered to be a step forward in the field of breast imaging because clinical studies [4] have shown that a better visualization of lesions and calcifications can be achieved by blurring the appearance of overlapping tissues in the image.
It is important to understand the impact of tomosynthesis on the detection and recall rates of the patients who are invited for screening before considering this new modality for routine breast screening. Performing a comparison clinically is particularly time consuming and expensive, and some evaluations could be conducted more easily using mathematical modeling tools.
In this paper, we address this issue by introducing a modeling framework which includes a collection of simulation tools that can be used to represent the image acquisition process for planar mammography and for DBT. With this framework, it is possible to perform a comparison of 2D mammography and DBT systems. A brief introduction to the modeling tools is given in Section 2 and some selected simulation results are presented in Section 3.
Materials and Methods
For the initial development of the model, we have simulated 2D and DBT systems manufactured by Hologic (Bedford, Massachusetts, USA), as such systems are available in our centre, though the methodology can in principle be applied to any mammographic imaging system. The Hologic Selenia Dimensions 3D system is equipped with an a-Se (amorphous selenium) detector with a pixel pitch of 70 µm. The system can operate in both 2D mammography and 3D tomosynthesis mode. The dimensions of the detector are 24x29 cm 2 and an anti-scatter grid can be positioned above the detector to reduce the scatter during the acquisition of 2D mammograms. When operating in tomosynthesis mode, the X-ray source moves continuously over the angular range +7.5º to -7.5º, and 15 projections are acquired during this process. The center of rotation of the X-ray tube is directly above the a-Se layer of the detector. After acquisition, the pixels are resampled to a pitch of 140µm. No antiscatter grid is used during tomosynthesis acquisition and the projections are reconstructed into breast planes of 1mm thickness. Figure 1 shows the flowcharts of the modeling framework. A brief description of each module is given in section 2.1 followed by the methodology in section 2.2.
